Abstract -Synthesis of procyanidin C2 and C1 was achieved via a stereoselective intermolecular condensation of equimolar amount of dimeric catechin or epicatechin nucleophile and monomeric catechin or epicatechin electrophile using Lewis acid. In the case of synthesis of procyanidin C2, AgBF 4 and AgOTf afforded condensed product in excellent yield. As to the synthesis of procyanidin C1, Yb(OTf) 3 was effective for equimolar condensation.
the synthesis of catechin and/or epicatechin trimers, several synthetic studies were reported. The typical synthetic methods are as follows. The first example is pioneering work of the synthesis of procyanidins reported by Saito et al. 9 This method requires to use nucleophilic partner in large excess (3.0 to 4.5 eq.)
for condensation to prevent further oligomerization. The disadvantage of this procedure is that excess nucleophilic partner needs to be removed after condensation. The next one is use of C-8 bromide derivative to prevent forming further oligomeration. 10 Quite recent example is using C-8 bromide and C-8 metallated nucleophile for the selective synthesis of C-4 and C-8 bound catechin trimers. 11 So far, little attention has been paid to the screening of Lewis acids for equimolar condensation to construct the skeleton of procyanidin trimers. We have already reported a stereoselective synthesis of catechin trimer derivative using equimolar condensation. 12 However, synthesis of epicatechin trimer using equimolar condensation has not been reported yet. In this article, we wish to report total synthesis of procyanidin C2
(1) and the recent progress of the synthesis of procyanidin C1 (2) via equimolar condensation between dimeric catechin or epicatechin nucleophile and monomeric catechin or epicatechin electrophile ( Figure   1 ). 
RESULTS AND DISCUSSION
We have investigated various Lewis acids including Ag, Cu, and Yb for equimolar condensation between dimeric catechin nucleophile 3 and monomeric catechin electrophile 4. Among these Lewis acids, we found that silver Lewis acids such as AgBF 4 and AgOTf gave condensed product in excellent yield Scheme 1).
Scheme 1.
Equimolar condensation between dimeric catechin nucleophile 3 and monomeric catechin electrophile 4.
The condensed product 5 was obtained in high yield, 9 we next pursued to establish total synthesis of procyanidin C2 (1) . Hydrolysis of the acetate of 5 using NaOMe under reflux did not furnish 6 although this reaction worked well in the case of procyaidin B1-B4. 13 Thus diol 5 was once acetylated using Ac 2 O to give triacetate and subsequent reduction with DIBALH afforded 6 in 45% yield through 2 steps. 9 However, the yield of transformation from 5 to 6 was not high enough, we tried the Kozikowski's method using n-Bu 4 NOH to afford 6 in 66% yield. 14 The 1 H and 13 C NMR spectral data of 6 were identical with those of the reported values. 9 The 3,4-cis trimer could not be detected. This result indicated that electrophile 4 reacted with nucleophile 3 at C-4 position in a stereoselective manner to afford 3,4-trans trimer 5. The benzyl ether 6 was deprotected to yield procyanidin C2 (1) by hydrogenolysis over Pearlman's catalyst. As to the purification of 1, when the crude products were directly evaporated, partially insoluble materials remained. 14 We met with some difficulty to purify 1 after debenzylation. We tried separation by ODS cartridge column chromatography and preparative HPLC, however, we could not obtain 1 in a satisfying yield. Kozikowski and colleagues reported that lyophilization is useful for purification of these type compounds. 14 Thus we used this method to afford procyanidin C2 (1) in good yield. We confirmed that lyophilized procyanidin C2 (1) was pure by HPLC analysis. 15 The optical rotation value and mass spectrum data of synthetic 1 were in good accordance with those of the reported values. 9 With regard to the 1 H and 13 C NMR spectral data of 1, we could not find them in any reports to the best of our knowledge. In this article, we wish to supply these data in experimental section and supporting information for future reference. The 1 H NMR spectral datum of peracetate 7 was in good agreement with that of the reported values (Scheme 2). Scheme 2. Synthesis of procyanidin C2 (1) and its peracetate 7.
As to the synthesis of procyanidin C1 (2), equimolar condensation of 8 with 9 was examined using transition metal Lewis acids and Yb(OTf) 3 in CH 2 Cl 2 . As shown in Table 1 , AgBF 4 and AgOTf gave condensed product 10 9,14 in poor yield although these silver Lewis acids gave good results in the condensation of 3 with 4. The stereochemistry at C-3 position of 9 seemed to affect the reactivity, however, we could not explain the reason at this stage and further investigation is necessary. Next we used Yb(OTf) 3 and found that the yield of condensation was slightly improved (Table 1) . This result encouraged us to examine equimolar condensation of 8 with various 4-alkoxy epicatechin derivatives 11-13 using Yb(OTf) 3 . As shown in Table 2 , 4-(2"-ethoxyethoxy) derivative 13 afforded condensed product 10 in 57% yield. Other 4-alkoxy derivatives gave 10 in low yield and both of the starting materials remained. We found that 4-(2"-ethoxyethoxy) group was suitable for Yb(OTf) 3 mediated activation at C-4 position of electrophile (Table 2) . Table 2 . Equimolar condensation of 4-alkoxy epicatechin derivatives 9, 11-13 with dimeric epicatechin nuceophile 8 by Yb(OTf) 3 .
The condensed product 10 was transformed into triol 14 using n-Bu 4 NOH. 14 The 1 H and 13 C NMR spectral data of 14 were in good agreement with those of the reported values. The 3,4-cis diastereomer could not be detected. 9, 14 Finally deprotection of the benzyl group of 14 subsequent lyophilization afforded procyanidin C1 (2) in good yield. We confirmed that lyophilized procyanidin C1 (2) was pure by HPLC analysis (Scheme 3). 
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